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F i d u c i a l  Reference For The HIPPARCOS Reference System 

NASA Grant NAGW233 F i n a l  Report  

The purpose o f  t h e  g r a n t  was t o  prepare t h e  ground work f o r  observa t ions  

b y  t h e  Hubble Space Telescope (HST) t o  t i e  t h e  c o o r d i n a t e  system o f  t h e  

European As t romet ry  Sate1 li t e  HIPPARCOS t o  an e x t r a g a l a c t i c  (VLBI) r e f e r e n c e  

frame, and t o  determine t h e  r o t a t i o n  o f  t h e  HIPPARCOS frame w i t h  respec t  

t o  t h e  e x t r a g a l a c t i c  frame. 

The European Space Agency plans t o  launch an a s t r o m e t r i c  s a t e l l i t e  t o  

e s t a b l i s h  t h e  most accura te  r e l a t i v e  s t e l l a r  c o o r d i n a t e  system of p o s i t i o n s  

and mot ions  ever  determined. However, t h e  system must be t i e d  t o  a 

n o n - r o t a t i n g  f o u n d a t i o n  t o  be used f o r  s t u d i e s  o f  p h y s i c a l  mot ions of 

o b j e c t s  and f o r  t h e  s t u d i e s  o f  r e l a t i v i s t i c  e f f e c t s .  

The Hubble Space Telescope w i l l  p r o v i d e  a means o f  a c c u r a t e l y  measuring 

t h e  r e l a t i v e  p o s i t i o n s  and mot ions o f  b r i g h t  o b j e c t s  w i t h  r e p s e c t  t o  f a i n t  

ones i n  a smal l  f i e l d  of view. The expected accuracy (0.002 arcsec, rms) 

i s  an o r d e r  o f  magnitude b e t t e r  than t h e  accurac ies  o b t a i n e d  b y  c u r r e n t  

o p t i c a l  techniques f o r  t h e  same measurements. 

The g r a n t  r e s u l t e d  i n  t h e  de terminat ion  o f  90 E x t r a g l a c t i c  o p t i c a l  

o b j e c t s  (EGOS) i n  t h e  v i c i n i t y  (angular s e p a r a t i o n  l e s s  t h a n  18 arcminutes)  

of  160 HIPPARCOS s t a r s  ( b r i g h t e r  than about  11.0 magnitude, m o s t l y  SA0 

s t a r s  b r i g h t e r  than 10.5), even ly  d i s t r i b u e d  over  t h e  sky, t o  be used t o  

t i e  t h e  HIPPARCOS system t o  t h e  E x t r a g a l a c t i c  Reference Frame. The p a i r s  
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are t o  be observed w i t h  the HST Fine Guidance Sensors ( F G S ) ,  sometimes in 

c o n j u n c t i o n  with the HST Planetary Camera, in order t o  determine the relat ive 

positions a n d  motions of the individual HIPPARCOS s t a r s  with respect t o  

the EGOs. The in i t i a l  observations with HST will be performed using some 

of the Guaranteed Observing Time ( G T O )  of two of the proposers. 

I n  order t o  insure t h a t  the observations will be made and will be of 

use t o  the HIPPARCOS project ,  several conditions must be obtained. The 

primary purpose of t h i s  g r a n t  was t o  work toward several of these conditions. 

The conditions addressed by the work of this g r a n t  were: 

A )  The s t a r s  had t o  be within one FGS f i e ld  of view of a n  extragalactic 

object ( a b o u t  18 arcminutes a l o n g  the longest dimension). Therefore, a 

region around each prospective EGO was searched for  SA0 s t a r s ,  and  for 

other, non-catalogued suitable anonymous s t a r s .  

B )  The extragalactic objects must be observable by HST. (The limiting 

magnitude of the FGSs i s  nominally 1 7 t h .  However, by using a mode of 

observation which incorporates P1 anetary Camera exposure of the "targets" 

and  with the astrometric information from the Guide Stars ,  f a in t e r  EGOs 

may be reached.) Therefore, a n  extensive search of the l i t e r a tu re  was 

Conducted, as well as consultation w i t h  workers in the f i e ld  (par t icular ly  

members of the IAU working group o n  Optical Identifications of Radio Sources) 

t o  determine the most suitable EGOs. From more t h a n  500 candidates, for  

which accurate positions, flux densities, optical ident i f icat ions,  and  

radio v i s i b i l i t i e s  from the VLA and V L B I  were available,  90 EGOs were 

f i n a l l y  chosen. Much of the d a t a  became available during the course of 

t h i s  work, a n d  we are indebted t o  many people for  allowing us t o  use the i r  
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data  i n  advance o f  p u b l i c a t i o n ,  many t imes i n  p r e l i m i n a r y  form. 

C) The EGO-HIPPARCOS s t a r  p a i r s  must be e v e n l y  d i s t r i b u t e d  on t h e  

sky.  To t h i s  end, many " o l d  f a v o r i t e "  r a d i o  sources were n o t  i n c l u d e d  

because an EGO-HIPPARCOS s t a r  p a i r  i n  t h e  same r e g i o n  o f  t h e  sky  was 

deemed more s u i t a b l e .  Space Telescope t ime w i l l  be a t  a premium, and many 

t imes,  a s l i g h t l y  l e s s  s u i t a b l e  16th magnitude QSO was chosen over  an 

o t h e r w i s e  more s u i t a b l e  ( f r o m  t h e  p o i n t  o f  v iew o f  t h i e  v i s i b i l i t y  f u n c t i o n ,  

f o r  example) 19 th  magnitude QSO which would r e q u i r e  t o o  much observ ing  

t ime.  Also,  t h e  usual  c i rcumstance o f  a l a c k  o f  s u i t a b l e  o b j e c t s  i n  t h e  

southern  hemisphere was a t t a c k e d  by massive e f f o r t s  o f  Noel Argue, Dave 

Jauncey, Grahaem White, and others, i n  b o t h  t h e  r a d i o  and o p t i c a l  

f r e q u e n c i e s  . 
D )  When p o s s i b l e ,  t h e  EGOs should be o p t i c a l l y  i d e n t i f i e d  r a d i o  

sources w i t h  compact cores which a l l o w  them t o  be i n c l u d e d  i n  t h e  r a d i o  

r e f e r e n c e  frame d e r i v e d  f rom r a d i o  i n t e r f e r o m e t r i c  observa t ions .  When 

p o s s i b l e ,  t h e  EGOs were s e l e c t e d  from t h e  I A U  l i s t  o f  recommended Radio 

Source P o s i t i o n  Standards, (Argue, e t .a l . ,  1984.) I n  some cases, t h e  o n l y  

o b j e c t  b r i g h t  enough t o  observe i n  a p a r t i c u l a r  p a r t  o f  t h e  s k y  was a 

r a d i o  q u i e t  EGO. These o b j e c t s  were i n c l u d e d  because t h e  problem o f  

s t o p p i n g  t h e  r o t a t i o n  o f  t h e  HIPPARCOS system i s  independent o f  t h e  r a d i o  

r e f e r e n c e  frame. 

E )  The s t a r s  must be b r i g h t  enough t o  be observed w i t h  HIPPARCOS 

( i e .  b r i g h t e r  than about  12.0, and b r i g h t e r  than 10.5 f o r  f u l l  accuracy) .  

The i n i t i a l  s e l e c t i o n  was made f r o m  t h e  SA0 cata logue,  u s i n g  a computer 

search around cand ida te  EGOs. Other EGOs were measured on t h e  UTRAO Laser 

Measur ing Engine and p o s i t i o n s  o f  candidate s t a r s  determined f rom g l a s s  
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cop ies  o f  the  Nat iona l  Geographic Soc ie ty ,  Palomar Sky Survey, a t  t h e  

U n i v e r s i t y  o f  Texas.  

F) The s t a r s  n u s t  be inc luded i n  t h e  HIPPARCOS INPUT CATALOGUE (INCA) 

i n  o r d e r  t o  be observed b y  HIPPARCOS a t  a l l .  An i n i t i a l  s e l e c t i o n  o f  414 

s t a r s  was sybmi t ted  t o  t h e  HIPPARCOS p r o j e c t  i n  1982, f o r  i n c l u s i o n  i n  t h e  

I N C A .  T h i s  program was g iven t h e  h ighes t  p r i o r i t y  b y  t h e  HIPPARCOS p r o j e c t ;  

t h e  southern ex tens ion  was a m a j o r  u n d e r t a k i n g  i n  suppor t  o f  t h e  HST 

program. We have worked c l o s e l y  w i t h  v a r i o u s  elements o f  t h e  HIPPARCOS 

p r o j e c t  t o  determine which o f  the s t a r s  would be i n c l u d e d  i n  t h e  f i n a l  

cata logue.  HIPPARCOS o b s e r v a b i l i t y  was and i s  a ma jor  concern.  We have 

fo l lowed c l o s e l y  t h e  successive s imu la t ions  o f  t h e  HIPPARCOS miss ion ,  and 

have had many d iscuss ions  w i t h  the I N C A  p r o j e c t  about t h e  f i n a l  s e l e c t i o n  

of t h e  s t a r s  t c  be observed w i t h  HST. D r .  Cather ine  Turon, D r .  Noel 

Argue, and D r .  Jean Kovalevsky have spent  innumerable hours w i t h  us work ing 

t o  r e f i n e  t h e  l i s t  and determine the o b s e r v a b i l i t y  o f  these s t a r s  b y  t h e  

HIPPARCOS s a t e l  l i t e .  HST observat ions would be use less  w i t h o u t  t h e  

corresponding HIPPARCOS observat ions,  and v i c e  versa. 

Since t h e  FGSs a r e  in te r fe rometers ,  t h e  s t a r s  must be smal l  enough 

i n  angu lar  e x t e n t  t o  be observed w i t h  t h e  FGSs. Recogniz ing t h i s  f a c t ,  we 

undertook a massive program o f  Speckle I n t e r f e r o m e t r y  on as many of t h e  

414 s t a r s  as p o s s i b l e .  Drs.  O t t o  Franz and H a r o l d  M c A l i s t e r  used t h e  

Georgia S t a t e  U n i v e r s i t y  Speckle Camera t o  o b t a i n  speck le observa t ions  of 

severa l  hundred s t a r s ,  from which t h e  f i n a l  s e l e c t i o n  i n  t h e  n o r t h e r n  

hemisphere was made. Th is  work was funded as p a r t  o f  t h i s  p r o j e c t .  

D r .  Noel Argue and B r i a n  Morgan undertook speck le observa t ions  w i t h  t h e  

G) 
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AAT i n  the southern hemisphere. Speckle observations have shown t h a t  most 

of the s ta rs  i n  the f i n a l  l i s t  are not  multiple a t  the 0.04-0.08 arcsec 

level ,  a t  the time the observations were made. Therefore, we have an  

excellent chance t o  observe t h e m  w i t h o u t  duplicity problems w i t h  the FGSs. 

The final o u t p u t  from th i s  work i s  the inclusion of the program 

objects i n  b o t h  the HST and  the HIPPARCOS programs of observation. The 

GTO observations will be insufficient t o  make the f inal  HIPPARCOS reductions, 

b u t  they will give the f i r s t  epoch observations and  many second epoch 

observations to  determine the "system solution.' ' General Observer 

observations are  planned on a limited basis ,  b u t  over a longer period of 

time t o  determine the most accurate motion possible of the HIPPARCOS system 

w i t h  respect t o  the Extragalactic system u s i n g  this technique. 

Table one i s  the Data Base which contains the optical information 

used t o  generate the HST GTO observing proposal. Table two i s  the s t a r  

1 i s t  supplied t o  Franz and McAl is ter .  The Bib1 iography contains reports 

presented in various forums concerning the progress of t h i s  work. 
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